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Exercise E1 Machine-Vision Strobe: Capacitor Charging and Safe Discharge

i by ahets hmsm@;empammnmumgmwammmaﬁmgeat
dmjfnami b abfelthdisapacied befragenthariénance.

Solutlon

?@M'QBegln{allgn*} Cé&= 1 {\rm \mu F} \\W& 0 1~ {\rmJ} \\I {\rm max} &= 100~{\rm
YAYBeBir {aHght) BB RER at

VAR B) T {\W{ﬁh@ﬁﬂm{s\kw{}\mvia&@m lig n*}
\ss\ipegithia Dgh¢hargiit) Soardes\leflj(steeltd-tHR Cadurigid Jihal Bdhakitot vdlesue!/(RC) }
\nglfBﬂBJ@'T}*} \tdirid=rid& j=84=A\T e { Wi RYONRgRF \bckat{ U {\rinnmuniak }3pprox
- i iiie ek dtRerasy fa ORachar 2ddheh itGesga Fhermequairgegnergy?
‘(élﬁﬂ{allgn*} A practlcal standard value would be about $4.7~{\rm k\Omega}$.

ey dapautq oeddtind s daD acttbt R Gakyn ddalrerkd fully charged after about
>uu§§mn{5allgn*} U 0 &=447.2~{\rm V} \\ RC &= 4.47~{\rm ms} \end{align*}

\biekgin{align*} W(t) &= \frac{1}{2} C u_C"2(t) \end{align*}

lb@&lh%ﬂg‘iﬁﬁ' vwes:charge} &\approx 5\tau \approx 5 \cdot 4.47~{\rm ms} \approx
?W} NMewds %|P9q;ﬁ@pprox 4.47~{\rm ms} \end{align*}

\b@gm Ilgﬁ*} W E(Q)\&acf1 & COinftR) \&E &=0\8qet R 2 WL CEu=REitnri&s=(0
SHEEIHR Y e MR BN BhR aal Ay 110864 €o6HRESRODO } ~ {\rm V} \approx

447 2~ {\rm V} \end{allgn*}

Wi ptfethgnipdic i emeripprs aiges) oS |mppeoti@iya wiklepros 2Xidtof \noitagd felihd {align*}

exponentially.

Tresg eniaiiyreth Néad afitip{1® Jirfehee Capat/tBri€) } \\ t &= \frac{R_i C}{2}\In(2)
\end{align*}

\begin{align*} W_0 &= 0.1~{\rm J} \end{align*}

With

After full discharge, the capacitor energy is zero, so the entire initial energy is
toeyiedeligntd ReaCir therEwistd\Omega} \cdot 1~{\rm \mu F} = 10~{\rm s}
\end{align*}

\begin{align*} W R &= W 0 = 0.1~{\rm ]} \end{align*}

we get

In a real design, the resistor must therefore be checked for pulse-load capability.
\begin{align*} t &= \frac{10~{\rm s} }{2}\In(2) \approx 3.47~{\rm s} \end{align*}

The voltage at this instant is

\begin{align*} u_C &= U _0 \cdot \frac{1}{\sqrt{2}} = \frac{447.2~{\rm
V}H\sqrt{2}} \approx 316.2~{\rm V} \end{align*}

Exercise E2 Industrial Sensor Interface: Buffered Measurement Node

gotinmisaiii ( i Brteticseioar et tthededih resgiiar resistoretied.

M&tﬁé\bﬁdp&dﬂlﬁg@mhh@ﬂmmm@cﬁsmmkd to smooth the signal and to provide a

stable voltage for a short measurement cycle. At first, the measurement electronics are
@%mcted Once the capacitor is fully charged, a switch closes and the measurement load

0IHARCted.
\begin{align*} Wi
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)at&ehtie{girdm‘f}gn*} U&= 12~ {\rm V}WR 1 6= 2~ {\rm k\Omega} \R_2 &= 10~{\m

\Onegetriendidtogls
\begin{align*} B Q(thﬁeqlJ&@é\ihﬁ{meﬂNl \pa”ra[HEIkuau_ WiérigbtDleniaiigiOmega}
nitigdkpitb@h GamRe  hiitiaadie & § TR

Wi {align*
Vmgglé‘;ﬁ efrs cpabes| R 2 gecithaaftRr itRs R charged?} = \frac{2~{\rm
Mw@’aﬂbax@mmwmﬂ\m}s\m@m%@w{w feofiaigning &=

g0 } ALV EBRe§ i\ mor B \te 2 FAH\omegimeand edgh 2y {\rm \mu
’0'%@-@ sleqermﬁeﬁgpa@ﬁal{ceérg@@gg is o 9

Titdsin Wmlﬁrm th} \cdot \frac{R_L}{R_{\rm th} + R L} \\ &=
mgg % W@&E&a@m TG ga}i
\b sk eiRfiph j i wﬁfk[\@/r\ﬁag 2\

Mﬁﬁﬂ@%ﬁreﬁdms}tﬁefémv}/ma@éadimﬁhcross $R 3$ and the capautor voltage is
&haairartheqtinte conttams isf $R 16 and $R 2§:

So the load voItage starts at $10 {\rm V}$ and decays exponentially to $5~{\rm V}$.
\begin{align*} \taO(\Infty) £ \tmddhdt ke &R 0GR {irm R\@nddaF \t2le Tm{Wmdohat

it 86 1 O\ ikYOmeh sdrid Latigmit} k\Omegal + 10~{\rm k\Omega}} \\ &= 12~{\rm

V} \cdot \frac{10} {12} \\ &= 10~{\rm V} \end{align*}

In practice, the capacitor is considered fully charged after about $5\tau_1$:

\begin{align*} t {\rm charge} &\approx 5\tau_1 = 5 \cdot 10~{\rm ms} = 50~{\rm
ms} \end{align*}

Exercise E3 Hall-Sensor Test Bench: Air-Core Calibration Coil

WMBIHmngaﬂhd o&mramtadmesit;s@$ if ctheampbecaruse?it avoids hysteresis and

gerlnanence effects of iron cores. The coil is wound as a short, single-layer cylindrical coil.
olution

?@M'QBegln{allgn*} | &= 22~ {\rm mm} \\ d & 20 {\rm mm} \\ d {\rm Cu} &= 0.8~{\rm

nmibagindaliga™} Wit PR HARkbaiIEmS Sl FRixil

encﬁeﬂﬂtﬂﬁﬁéh@from $O \rm A$ to $1 \rm A$
]ﬂmmdgmﬂl idbcpsneicnmtitaTigohjtdupibemntly. Therefore:

‘or Wb%MeMbWtWMM@tWWMk

nd@ﬂémﬂ} W&\WMM%WNMM%&%@M&Bmﬁf{ﬁGHé{Mdﬂ'gn*}

i ltﬁl;' /ﬂﬂ]‘l {\rm

e GEPROEEE 1016 586+ Inssnd@imggaimedobiidfmisgdual=$o the finally
ut $5\tau$, the current has reached more than

m&éﬁﬁd%}ldﬁ éﬂoféatﬁI Atau}\right) \end{align*}

. Citegmttatigndbiwicpista ius § Ré=atfraotl F¢apdraukey= \frac{1}{2}\cdot 7.94\cdot

&Wm’q\f@t@@%&m&%ﬁ@m B Pagpriopp ms} \
D~SEerontir A \E m%%\&&«ﬁ@\tdiﬂ{ﬂ BQEM\A& e D37 Ydm{\rm
e bt AL @r{ﬁ{:ﬁ }g\rér}d{allg n*}

Mathematlcally the exact ﬁnal value is reached on‘! after infinite time.

+ oy Jol ckAavike A rmm Ad ricac ckannh nA than annraarhAac 1 __\rrm
JU LIIC JI\CL\_II JLQI Lo du .P\.I \IIII My, 11O3TO DLCC'JIy av IIIDL GIIU LI O'J'JIUG\.IICD PL TN

A$ asymptotically.
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First, determine the copper cross-sectional area:

\begin{align*} A_{\rm Cu} &= \frac{\pi}{4} d_{\rm Cu}"~2 = \frac{\pi}{4}(0.8~{\rm
mm})~2 \\ &= 0.503~{\rm mm~2} \end{align*}

The mean length of one turn is approximately the circumference:

\begin{align*} |_{\rm turn} &\approx \pi d = \pi \cdot 20~{\rm mm} = 62.83~{\rm
mm} \end{align*}

Thus, the total wire length is

\begin{align*} |_{\rm Cu} &= N\cdot | {\rm turn} = 25 \cdot 62.83~{\rm mm} \\ &=
1570.8~{\rm mm} = 1.571~{\rm m} \end{align*}

Now calculate the resistance:

\begin{align*} R &= \rho_{\rm Cu}\frac{l_{\rm Cu}}{A {\rm Cu}} \\ &= 0.0178~{\rm
\Omega\,mm~2/m}\cdot\frac{1.571~{\rm m}}{0.503~{\rm mm~2}} \\ &\approx
0.0556~{\rm \Omega} \end{align*}
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